
Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

From: Gibbons, Catherine 

Gibbons, Catherine 
Friday, December 04, 2015 7:36PM 
Bohn, Brent 
FW: Cr(VI) bimonthly presentations 

Sent: Friday, October 24, 2014 3:28 PM 
To: Khan, Elaine@OEHHA <Eiaine.Khan@oehha.ca.gov> 
Subject: RE: Cr(VI) bimonthly presentations 

Oh I definitely won't, thanks to these! But I'll make up for it next weekend! I love Halloween. 

Thanks again for the call about David, I was surprised that the contractors hadn't confirmed with him yet, but apparently they said they'd sent him some em ails and never got a response. Not sure if that's true or not. 

Thank you! 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca .gov] 
Sent: Friday, October 24, 2014 3:26 PM 
To: Gibbons, Catherine 
Subject: RE: Cr(VI) bimonthly presentations 

Great, thank you! Enjoy your weekend! 

From: Gibbons, Catherine [mailto:Gibbons.catherine@epa.govl 
Sent: Friday, October 24, 2014 12:22 PM 
To: Khan, Elaine@OEHHA 
Subject: Cr(VI) bimonthly presentations 

Greetings! These are all publicly available on the docket, so I thought I'd save you the trouble and send them along. Enjoy ! 

--Catherine 



Bohn, Brent 

From: Gibbons, Catherine 
Sent: 
To: 

Friday, December 04, 2015 7:32PM 
Bohn, Brent 

Subject: FW: OEHHA Shop Talk 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Monday, January 05, 2015 4:05 PM 
To: Gibbons, Catherine <Gibbons.Catherine@epa.gov> 
Subject: OEHHA Shop Talk 

Live meeting details: 
Attendee U RL: 
Audio: Two way computer audio conferencing: On, but last time we were hosting the meeting in Sacramento we had a 
lot of trouble with the computer audio, so you may want instead to use the Telephone conferencing: 
Audio conferencing provider: 

Please remember to mute your computer audio if using the telephone conferencing. 
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Bohn, Brent 

From: Gibbons, Catherine 
Sent: 
To: 

Friday, December 04, 2015 7:31 PM 
Bohn, Brent 

Subject: FW: hypochlorhydria (high stomach pH) in the US population 

From: Sasso, Alan 
Sent: Thursday, January 15, 2015 8:36 AM 
To: Elaine.Khan@oehha.ca.gov 
Cc: Gibbons, Catherine <Gibbons.Catherine@epa.gov> 
Subject: RE: hypochlorhydria (high stomach pH) in the US population 

That's OK, it was more of an FYI than a question. 

At 3 or 4 of our public meetings, we asked the public and industry to identify susceptible populations, and somehow 
nobody mentioned this! 

-Alan 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Wednesday, January 14, 2015 5:06 PM 
To: Sasso, Alan 
Cc: Gibbons, Catherine 
Subject: RE: hypochlorhydria (high stomach pH) in the US population 

Hi, Alan. 
Thanks for the info. It looks very interesting. Unfortunately, I've never heard of the condition and I'm racking my brain 
trying to think if I would know a good person to ask about this. Please let me know if you find out more and vice versa. 
Thanks! 
Elaine 

From: Sasso, Alan [mailto:Sasso.Aian@epa.gov] 
Sent: Wednesday, January 14, 2015 1:54PM 
To: Khan, Elaine@OEHHA 
Cc: Gibbons, Catherine 
Subject: hypochlorhydria (high stomach pH) in the US population 

Hi Elaine, 

I really enjoyed the talk last week, thanks for sending us the info. 

I was reading-up on gastric parameters in the human population (particularly as a function of fed/fasted status), and I 
saw in this Kalantzi paper, 2 out of the 19 subjects just happened to have a condition called "hypochlorhydria" . They 
persistently have a very high stomach pH, and are very susceptible to gastric cancers and lesions/ulcers (due to 
biological/bacterial issues, infections, etc). 

In 28 hypochlorhydric subjects (Feldman paper), the average basal pH was 7.44 in men,7.65 in women . 
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In 252 men WITHOUT hypochlorhydria (healthy, not taking medication, etc), 5% of them naturally had a basal/resting (fasted) gastric pH of at least 5.09. in women (n= 113), 5% had pH>=6.81. Those are conditions where our models indicate poor reduction . 

So, even without hypochlorhydria, 10% of the population may be above pH=5 . 

At the end of the Feldman paper, they say that the true incidence of hypochlorhydria in randomly selected adult humans in the US population is unknown (but that paper is from 1991). I'm having trouble obtaining information on what the incidence may be. 

Have you ever heard of this condition? 

-Alan 

Alan F. Sasso, Ph.D. 
Office of Research and Development 
National Center for Environmental Assessment 
U.S. Environmental Protection Agency 
(703)-34 7-0179 
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Bohn, Brent 

From: Gibbons, Catherine 
Sent: 
To: 

Friday, December 04, 2015 7:31 PM 
Bohn, Brent 

Subject: 
Attachments: 

From: Sasso, Alan 

FW: copy of SOT poster 
Sasso_SOT2015.pdf 

Sent: Monday, March 30, 2015 8:52 AM 
To: Wong, Patty@OEHHA <Patty.Wong@oehha.ca.gov> 
Cc: Elaine.Khan@oehha.ca.gov; Gibbons, Catherine <Gibbons.Catherine@epa.gov> 
Subject: copy of SOT poster 

Hi Patty, 

It was nice meeting you at SOT. Here is a copy of my poster from SOT. 

Sorry I couldn't find anybody else from your office-SOT is very overwhelming. It's become too big. I spend most of my time there walking miles between posters and talks. 

The moral of the story of this poster is that you can obtain the same human equivalent dose using a stomach-only model, as you do with a whole-body PBPK. I believe whole-body PBPK is overkill for this type of problem, and sitespecific absorption rates into each Gl tissue cannot be validated. 

It also shows how high pH individuals may be more susceptible. We don't know the incidence of high stomach pH in the population (since it's an invasive test, usually only done when people are having Gl problems). 

-Alan 

Alan F. Sasso, Ph.D. 
Office of Research and Development 
National Center for Environmental Assessment 
U.S. Environmental Protection Agency 
(703)-347-0179 
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OEPA In vivo efficiencies of hexavalent chromium reduction in the gastric 
environments of mice, rats, and humans 

~ www.epa.gov 
Sasso A. F., Schlosser P.M. 
US Envtronmental Protection Agency Natcanal Center for EnVIronmental Assessment 

Introduction 

Hexavalent chromium (Cr(VI)) is a known human carcinogen via inhalation , 
but less is known about human risks via Ingestion . Increased incidences of 
neoplasms m the oral cavity of rats and in the small intestine of mice have 
been observed in long-term drinking water bioassays (NTP, 2008) . When 
ingested, Cr(VI) can be reduced to trivalent chromium (Cr(lll)) withm the 
gastrointestinal (GI) tract. Cr(lll) is thought to pose little or no carcinogenic 
risk. Understanding Gl tract reduction is important in evaluating the NTP 
cancer findings in the context of human health nsk assessment. 

Available toxicokinetic models 
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Ex vivo models predict reduction under batch conditions Gl tract medels 
Incorporate ex vivo models into a dynamic system to estimate in Vl\10 Cr(VI) 
reduction in the lumen. PBPK models estimate abscrption and k1net1cs of 
Cr(VI) and Cr(lll) in the whole body The Gl tract medal 1n th1s poster 
combines the ex vivo model by Schlosser and Sasso (2014) with the 
stomach compartment of the PBPK model by Kirman et al (2013). 

Toxicity data 
NTP (2008) observed diffuse ep<thelial hyperplasia (DEH) and 
adenomas and carcinomas (A+C) in the small intestine of mice. The 
same effects were not observed 1n rats, although squamous cell 
carcinomas (SCC) were observed in the oral mucosa. 
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In vivo stomach reduction and Gl effects 
Reduction of Cr(VI) in the stomach is a major source of inter-species differences. 
Inefficient reduction results in a greater amount of unreduced Cr(VI) persisting in 
the small Intestinal (SI) compartments (duodenum, jejunum, and ileum) 

Species comparison of in vivo stomach reduction 
• Toxicokinetic models estimate that rats reduce an equivalent daily Cr(VI) dose 

more efficiently than mice (on a bas1s of% unreduced dose escaping stomach). 
• At low doses, humans reduce Cr(VI) more efficiently 1n the stomach than rodents, 

primarily due to larger stomach SIZe, and lower pH of the human stomach. 
• The high efficiency of reduction for humans also leads to a more rapid loss of 

reducing agent at high doses. 
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Two potential internal dose metrics for Gl tract toxicity are 
1) absorption (mg Cr(VI) abscrbed per L small intestine t1ssue), and 
2) pylo ric nux (mg Cr(VI) escaping stomach reduction , per L small 
intestine tissue). Pyloric nux requires only a Gl tract medal, while 
absorption requires a whole body PBPK model. 

Desp~e the relative simplicity of the Gl tract model , extrapolating NTP (2008) 
small intestine toxicity data from mice to humans (using pyloric flux) 
produces s1milar results as a whole body PBPK medal (using absorption). 

The averages of the HEDs estimated by a Gl tract model range from 0.05-
0.1 mg/kg-d, depending on response rate and uncertainty factor (Table 1). 
The human equivalent dose (HED) estimated by a PBPK medal was 0.06 
mg/kg-d (Thompson et at. , 2014). 

Table 1. Preliminary dose-response and human extrapolation for 
diffuse epithelial hyperplasia in mice (using NTP 2008 data) 
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Food effects on Cr(VI) reduction 

The pH of human gastric juiCe sp<kes to 6 during meals, and returns to baseline within 
2 hours (Mudie et al., 2010, Parrott et at. , 2009) . Simulations were performed that 
incorporated these pH spikes, as well as changes in gastnc emptying rate (KLSD) to 
assess the impact on average daily internal dose. 
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Table 2. Preliminary human extrapdation for 
diffuse epithelial hyperplasia In mice 

Pylorio 
flux tluxiU' 
(M~ Im.,_.._ 

HID( ......... 

pH=25 ~~ oHa ts\51 
0.40" 0.12 2.0•2 18e-2 72a-2 

4.0 
0.131 8.9a-2 6.~ IS.2a-3 2S..2 

'UF .. 10; 1UF•30(bavWuationonly; sMTIIble1) 
~ult ccmtant GestroPtus1 .,. model JW.-neters for f~ hi.Knan 
pH f!: Ojnii'Tic hu,.., pH (t.salinar:/2.5, spikesto8 with rr.lis). 
KlSOt: Constw1t low stamK:t! 8t'T1)tying rlllte (KlSD-0.415/hr) 

Model predictions for fed humans have higher uncertainty, and may 011erestimate the 
human internal dose because: 
• Kinetic model was based on parameters derived from fasted human gastric samples 
• Gastric juice of humans in the fed state will have higher reducing capac~y 
• Gastric emptying rate decreases during solid meals (increasing stomach reduction) 
However, both the decreased reduction rate and decreased stomach empty1ng may 
increase Cr(VI) exposure to the stomach eptthelium. 

Discussion 
• A simple 1-compartment Gl tract model predicts HEDs similar to those obtained with 

more complex PBPK models for the endpoint of diffuse epithelial hyperplasia in mice. 
• Reduction efficiencies predicted by Gl tract medals are consistent with NTP (2008) 

• Mice are more susceptible than rats to effects 1n the small intestine. 
• Net effect of fed status on Cr(Vl) stomach kinetics in humans is unknown. 
• Analyses incorporating population variability and uncertainty of human and rodent 

gastriC parameters is the subject of ongoing work. 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 
Attachments: 

From: Sasso, Alan 

Gibbons, Catherine 
Friday, December 04, 2015 7:31 PM 
Bohn, Brent 
FW: stomach parameters for mice 
McConnell et al. 2008 Gl tract pH . pdf 

Sent: Wednesday, April 22, 2015 2:42 PM 
To: Elaine.Khan@oehha.ca.gov 
Cc: Gibbons, Catherine <Gibbons.Catherine@epa.gov> 
Subject: stomach parameters for mice 

Hi Elaine, 

I just wanted to follow-up on something I mentioned yesterday. Attached is a paper on the stomach parameters in rats 
and mice. 

These data are used by GastroPius to generate stomach/GI pH values for pharmaceutical development. The stomach pH 
for mice is 2.98 for the fed state, and 4.04 for the fasted state. 

The Kirman/Proctor papers assumed a stomach pH of 4.5 for mice. Looking at their papers, they say that when they 
collected gastric juice from rodents, the pH was initially about 4.0, and rose to 4.5 with the addition of Dl water. But 
they keep the value at pH 4.5 for their whole risk assessment and never change the assumption. 

Mice in the "fed" state from the McConnell paper were simply administered food and drinking water ad libitum before 
sacrifice, so the fed state might best represent the stomach pH during the NTP study. A few other papers note that 
drinking water usually occurs at times of meal events. 

If this is true, then more reduction occurs in the mouse stomach than previously thought. As a result, they are 
experiencing effects at lower internal doses than previously thought. This has the effect of lowering the human 
equivalent dose following animal-human extrapolation. 

But another caveat- this makes the mouse stomach/GI TK data look more nonlinear than before. 

This job is hard .... 

-Alan 
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Measurements of rat and mouse gastrointestinal pH, 
fluid and lymphoid tissue, and implications for 
in-vivo experiments 

Emma L. McConnell, Abdul W. Basit and Sudaxshina Murdan 

Abstract 

To use rodent models effectively in in-vivo investigations on oral drug and vaccine delivery, the con
ditions in the gastrointestinal tract must be understood. Some fundamental information is currently 
unavailable or incomplete. We have investigated the pH, water content and lymphoid tissue distri
bution along the gastrointestinal tract, as well as the stomach volume, as these were critical to our 
investigations on pH-responsive drug delivery and colonic vaccination. The observed values were 
compared with those in man as an indication of the validity of the rodent model. The mouse stom
ach pH was 3.0 (fed) and 4.0 (fasted), and the corresponding values in the rat were 3.2 (fed) and 3.9 
(fasted). The mean intestinal pH was lower than that in man (<pH 5.2 in the mouse;< pH 6.6 in the 
rat) . This brings into question the use of rodents in investigations on enteric-coated drug carriers 
targeted to the large intestine/distal gut. The water content in the gastrointestinal tract in the fed 
and fasted mouse was 0.98 ± 0.4 and 0.81 ± 1.3 ml, respectively, and in the fed and fasted rat was 
7.8 ± 1.5 and 3.2 ± 1.8 ml. When normalized for body weight, there was more water per kg body 
weight in the gastrointestinal tracts of the mouse and rat, than in man. The stomach capacity was 
found to be approximately 0.4 and 3.4 ml for mice and rats, respectively. The low fluid volume and 
stomach capacity have implications for the testing of solid dosage forms in these animal models. 
Substantial amounts of lymphoid tissue analagous to small intestinal Peyer's patches were measured 
in the rat and mouse colon, showing the feasibility of colonic vaccination, a route which might 
prove to have different applications to the more commonly studied oral vaccines. The existence of 
lymphoid tissue in the mouse and rat caecum has also been reported. 

Introduction 

Animal models are used extensively in the pre-clinical testing of drugs and vaccines. 
Rodents (mainly rats and mice) are often used due to their small size and low cost. 
Rats, having a relatively larger size and greater capacity for blood samples, are more 
useful for bioavailability studies , whereas mice are often used for vaccination studies. 
Despite the extensive use of these animals, certain features are either unknown or 
inadequately characterized, allhough a number of aspects of the mouse and rat gas
trointestinal (GI) physiology have been reviewed by Kararli (1995). During our inves
tigations into pH-responsive drug release at different locations in the gastrointestinal 
tract, and into colonic vaccination, we identified several key elements of gastrointesti
nal physiology that needed clarification to enable the use of rat and mouse models in 
the in-vivo studies. These were the pH and fluid content along the gastrointestinal 
tract, the stomach volume and the presence of lymphoid tissue in the colon of the 
animal models . 

The pH in the gastrointestinal tract is a crucial factor, affecting the stability and solu
bility of drugs and their absorption through the mucosa; unsuitable pH may cause the 
precipitation of acidic or basic drugs from solution, or the degradation of labile com
pounds. In addition, enteric-coated drug delivery systems for modified or targeted drug 
release are increasingly being investigated, for example using polymers such as 
polymethacrylate- and cellulose-based enteric coatings, which dissolve only when the 
pH of the environment exceeds a threshold level. In such a situation , knowledge of the 
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64 Emma L. McConnell et al 

gut pH of the experimental animal is critical. Previous 
reports on the pH of the rat gastrointestinal tract are con
flicting (Smith 1965; Ward & Coaes 1987), while reports of 
pH in the mouse small and large intestinal tract were not 
found. 

The fluid content of the gastrointestinal tract is another 
critical factor in the dissolution of drug from a dosage 
form, and the dispersion of solid-dosage forms. Lomas & 
Graves ( 1999) and Schiller et al (2005) suggested that 
water in the gut lumen of man was not homogeneously dis
tributed; this implied that a dosage form would be in con
tact with varying amounts of fluid or indeed none at all 
during its passage through the gastrointestinal tract. To 
enable better animal study design and extrapolation to man , 
or to better explain dosage form/drug behaviour in the 
rodent model, knowledge of the water content in these 
animals is important. 

In this study, we have investigated the stomach volume, 
fairly crudely, to give a rough indication of the volumes that 
may be administered orally to the animal models. To our 
knowledge, there are no reports of mouse and rat stomach 
volume, although maximum volumes to be administered by 
the oral route have been suggested (Wolfensohn & Lloyd 
1994 ). Gelatin capsule shells and mini-tablets have been 
administered to rats (Hu et al 1999; Wong et al 2006). 
Knowledge of the animal stomach volume would enable 
calculation of dosage form:stomach volume ratio, which 
would give an indication of the likely fate of the dosage 
forms, with respect to disintegration and drug dissolution 
and absorption. 

In our laboratories, we are also investigating colonic 
vaccination as it may have different applications to the 
more commonly studied oral vaccines, which are expected 
to be processed mainly by the small intestinal immunolog
ical system. Like the small intestine, the colon contains 
gut-associated lymphoid tissue. In man , there are approxi
mately 339 Peyer's patches (Comes 1965) in the small 
intestine, and approximately 12 000-18 000 follicles in the 
large intestine (Langman & Rowland 1986, 1992; Gebbers 
et al 1992). Presence of such a large number of follicles in 
man's colon implies the feasibility of vaccine uptake and 
processing in the colon. Very little is known , however, 
about colonic vaccine uptake, although significant differ
ences between the large and small intestinal immunologi
cal environments have been reported. For example, a 
predominance of IgA2 cells over IgA I cells is seen in the 
colon (as in the rectum and in the female genital tract) in 
contrast to a predominance of IgA I cells in the small intes
tine (McGhee et al 1999). Other benefits of colonic target
ing include the decreased proteolytic activity which may 
be beneficial for sensitive antigens and the higher transit 
time, which could lead to prolonged antigen contact with 
the lymphoid tissue and thereby increased uptake. Before 
mice and rats can be used in studies on colonic vaccina
tion, the presence and density of lymphoid tissue in the 
colon must be established. Although the lymphoid tissue in 
the small intestine of mice and rats has been well quanti
fied (Hillery et al 1994; Florence et al 1995; Abe & Ito 
1977), the lymphoid tissue in the large intestine has not, 
and has been reported here . 

Materials and Methods 

Animals 

All procedures were approved by the School's Ethical 
Review Committee and were conducted in accordance with 
the Home Office standards under the Animals (Scientific Pro
cedures) Act 1986. 

Adult female Balb/c mice ( 18-22 g) and adult female Wis
tar rats ( 160-190 g) were purchased from Harlan 0 lac Ltd. 
The animals were fed on Teklad Global 18% Protein Rodent 
Diet, from Harlan Olac Ltd. 

Preparation and dissection procedure 

Groups of animals (n =5-8) were fasted overnight with free 
access to water, while other groups were allowed access to 
food and water at all times. The mice were killed by a Schedule 
One method (C02 asphyxiation), after which the intestinal tract 
was immediately removed and divided into sections: the stom
ach, the small intestine (into three sections approximating to 
the duodenum, jejunum and ileum), the caecum and the colon 
(into two sections approximating to the proximal and distal 
colon). Subsequently, the pH, water content and lymphoid tis
sue density of the different sections was measured as follows. 

Determination of pH of gastrointestinal contents 
The contents of each gastrointestinal section were removed, 
mixed and the pH was determined using a pre-calibrated pH 
211 Microprocessor pH Meter (Hanna Instruments). pH 
measurements were taken a total of three times with the gas
trointestinal tract contents being re-mixed, the pH meter 
being washed with distilled water and the calibration checked 
between measurements. An HI 1333 probe was used, with a 
spherical tip (diameter 7.5 mm); it was ensured that the sam
ple covered the probe tip, and a stable reading acquired. The 
order in which the pH of the different gastrointestinal tract 
sections was read was varied within each group to minimize 
any influence of post-mortem time on pH. 

Determination of pH of standard rat/mouse chow 
To determine the influence of the animal feed on the pH of 
the gastrointestinal contents, the pH of standard rat/mouse 
chow was measured. Three pieces of standard mouse/rat 
chow (9.17 g) were mixed with I OmL of tap water until the 
food pellet had disintegrated, and the pH of the resulting mix
ture was measured using the same pH meter. 

Determination of water and solid contents of the 
gastrointestinal tract 
To determine the gastrointestinal water and solid contents, 
the wet mass of the section contents was recorded, followed 
by lyophilization (Virtis-Advantage Freeze Drying Appara
tus, Virtis, UK), measurement of the dry mass and calculation 
of water content. 

Determination of stomach capacity 
Approximate values for the volume of the mouse and rat 
stomach were determined by filling the stomach with distilled 
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water, and observing the results. The aim was to produce a 
rough estimate, as the method could only give a crude assess
ment of the volume, and was subject to investigator bias. The 
stomach, hand-held shut at the pyloric opening, was filled, 
using a syringe, via the oesophagus until it was considered to 
be comfortably full, with no obvious stress on the tissue (I), 
stretched (2), or to the point of bursting (or could no longer be 
fi lied) (3 ). 

Determination of lymphoid tissue patches along 
the gastrointestinal tract 
The method of Langman & Rowland (1986) was used. The 
emptied gastrointestinal sections were placed into glass vials 
containing 20 mL I 0% v/v aqueous acetic acid and incubated 
overnight in the refrigerator. Acetic acid was used as it 
enhanced the visualization of the lymphoid tissue. The fol
lowing day, the gastrointestinal tract sections were removed, 
opened lengthways, blotted dry and photographed, and the 
numbers of individual lymphoid follicles and patches (collec
tions of follicles) were counted. The mean number of patches 
or follicles per em was calculated from the data for the 
individual animals. 

Statistical analysis 

The data gathered from mice was analysed using parametric 
tests. The influence of fed (n = 8) and fasted (n = 7) states on 
mouse gastrointestinal pH, and water and solid contents were 
analysed using Student's Independent t-test. Differences 
between gastrointestinal tract sections for pH and water con
tent were analysed using one-way analysis of variance, with 
post-hoc analysis using Tukey's test. 

The data obtained from rats was analysed using non-para
metric tests, as the data did not fulfil the assumptions required 
for parametric tests. The influence of fed (n = 5) and fasted 
(n = 5) state on rat gastrointestinal pH, and water and solid 
contents were analysed using the Mann-Whitney U-test. The 
differences between gastrointestinal sections for pH and 
water content were analysed using Kruskai-Wallis, with 
N emenyi 's post-hoc analysis. 

All tests, apart from Nemenyi's test were carried out using 
SPSS Version 14.0 statistical software package. Nemenyi's 
test was conducted as described in Jones (2002). Results were 
considered statistically significant when P < 0.05. 

Results and Discussion 

The pH along the gastrointestinal tract of mice 
and rats 

The pH of the contents of the different gastrointestinal sec
tions of fed and fasted mice and rats are shown in Figures I 
and 2, and in Table I. The standard deviations showed varia
bility between individuals. Such variability has been 
observed in man (Evans eta! 1988; Fallingborg et al 1989). 
The lowest pH was seen in the stomach, in both rats and mice. 
In both animals, the stomach pH appeared higher in the fasted 
state (3.9 compared with 3.2 in rats and 4.0 compared with 

8 
-o- Fed mice (n = 8) 

7 --Fasted mice (n = 7) 

6 

5 

~4 

3 

2 

0+---~--~----~---r--~----~---, 

Figure 1 pH values along the mouse gastrointestinal tract. Mean and 
error bars are shown. 
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Figure 2 pH values along the rat gastrointestinal tract. Mean and error 
bars are shown. 

3.0 in mice), although the difference was only statistically 
significant in the mouse. Higher pH in the fasted state was 
surprising given that, in man, the fasted gastric pH is lower 
than the fed gastric pH (fasted pH 1.7 increasing to 5.0 after 
meal ingestion in healthy subjects (Dress man et al 1990; 
Russell et al 1993)) due to the buffering effects of food 
(Malagelada et al 1976). However, this was dependent on the 
meal type, with high protein meals having increased buffer
ing effect over an isocalorific carbohydrate meal (Richardson 
et al 1976). In this study, the mice and rats were fed on a 
standard low protein ( 18% ), low fat (5%) diet The low 
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Table 1 The pH values of the mouse and rat gastrointestinal tract 

Gastrointestinal 
section 

Stomach 
Duodenum 
Jejunum 
Ileum 
Caecum 
Proximal colon 
Distal colon 

pH mean (s.d.) 

Mice 

Fed Fasted 

2.98 (0.3) 4.04 (0.2) 
4.87 (0.3) 4.74 (0.3) 
4.82(0.2) 5.01 (0.3) 
4.81 (0.3) 5.24 (0.2) 
4.44(0.2) 4.63 (0.4) 
4.69(0.3) 5.02 (0.3) 
4.44 (0.3) 4.72(0.2) 

Rats 

Fed Fasted 

3.20 ( 1.0) 3.90 ( 1.0) 
5.00 (0.3) 5.89 (0.3) 
5.10(0.3) 6.13 (0.3) 
5.94 (0.4) 5. 93 (0.4) 
5.90(0.4) 6.58 (0.4) 
5.51 (0.5) 6.23 (0.4) 
5.77 (0.5) 5.88 (0.5) 

protein content of the animals' diet could be responsible for 
the absence of a food buffering effect. The pH of rat chow in 
water was 5.86 ± 0.06 and was therefore not responsible for 
the lower pH observed in the fed state. In addition , while the 
reasons for the difference between man and rodents are not 
clear, it is obvious that during experiments in man, fed and 
fasted states can be controlled more closely. In contrast, 
although the fed-state mice have free access to food, it is not 
known at what time they last ingested food, and in what quan
tity , and the immediate buffering effects of food may not 
have been observed. 

The pH of the small intestinal contents also appeared to be 
higher in the fasted state than in the fed state, but this was not 
statistically significant in rats or mice. This suggested that the 
fed state of the animal had no effect on intestinal pH, which is 
similar to the situation in man, where the small intestinal and 
colonic pH are variable, but differences are not largely asso
ciated with the fed or fasted states (Kalantzi et al 2006). As 
expected, the small intestinal pH was higher than the gastric 
pH, due to the secretion of pancreatic juice and buffering with 
bicarbonate ions . In mice, there was a small drop in pH in the 
caecum. This may be associated with the increased presence 
of short chain fatty acids produced by bacterial polysacchari
dases, bacteria being present in greater numbers in the cae
cum. Such a pH drop in the caecum also occurs in man 
(Evans et al 1988). Overall , the mean intestinal pH of both 
mice and rats does not reach the pH values reported in man 
i.e. 7.5 , 6.4 and 7 in the distal small intestine, caecum and 
colon, respectively (Evans et al 1988). 

The stomach pH values for the rat and mice were similar 
to that reported by Smith (1965). In contrast, the mean intesti
nal pH values of both animals were lower than expected and 
did not reach the values of pH 6-8 that have been reported in 
the literature for rats (Smith 1965; Ward & Coates 1987), 
though some individual rat pH values were found to be above 
pH 7. Differences in the methodology may help explain the 
different values obtained. Smith ( 1965) mixed distilled water 
with rat gut contents, while Ward & Coates ( 1987) inserted a 
pH probe into sections of excised rat gastrointestinal tract. In 
our investigation, mixing of undiluted contents was carried 
out, which may be more representative of the pH that a drug 
or delivery system is exposed to, due to the continually 

moving intestinal contents. To our knowledge, this is the first 
report of the pH of mouse intestinal tract contents. 

The low intestinal pH in mouse and rat has implications 
for the in-vivo testing of oral pharmaceuticals in these animals. 
For example, drugs which require a basic pH to dissolve may 
precipitate at the lower pH values seen in the mouse or rat. 
This may prevent drug absorption and pharmacokinetic 
extrapolation to man would be inaccurate. The lower pH seen 
in mice and rat gastrointestinal tract also has implications 
when pH-responsive drug carriers are being investigated. For 
example, the pH responsive polymethacrylate polymers such 
as Eudragit Sand FS, which dissolve at pH 7.0, but are water
insoluble at lower pH, are being investigated to target drug 
release to the distal intestinal tract e.g. for the treatment of 
diseases such as ulcerative colitis (Basil 2005; lbekwe eta! 
2006). The low pH values for the mouse and rat gastrointesti
nal tract shown in this paper (pH< 7.0) suggest that rats and 
mice may not be the most appropriate models for the study of 
pH sensitive dosage forms targeted to the human lower intes
tine and colon, where pH is often greater than 7.0. 

The water and solid contents of the mouse and 
rat gastrointestinal tract 

The contents of the gastrointestinal tract are generally semi
solid. Water, either ingested or secreted, exists as fluid in the 
gastrointestinal tract. In this study, we measured the water 
content by freeze drying; the solid and water contents of the 
gastrointestinal tract of mice and rats are shown in Figures 3 
and 4, respectively. As expected, total contents of the gas
trointestinal tract were greater in rats than in the smaller mice. 
There were more solid contents in the fed rat gastrointestinal 
tract than in the fasted rat. Water content was also higher in 
the fed state, possibly due to increased secretions and water 
bound with the ingested food . The total amount of water 
present in the rat gastrointestinal contents was similar to that 
reported by Cizek eta! (1954 ), who measured water by evap
orating gastrointestinal contents to dryness and reported that 
gut water represented 1.8% (fasted) and 4.5% (fed) of total 
body weight (198-232 g) of female rats. In the mouse, differ
ences between the total solid and water contents were less 
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Figure 3 Water and solid compositions of the mouse gastrointestinal 
tract contents. Mean and error bars are shown. 
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Figure 4 Water and solid content of the rat gastrointestinal tract 
contents. Mean and errors bars are shown . 

obvious between the fed and fasted states, the small quantities 
making it more difficult to ascertain differences. As expected, 
the water concentration decreased along the length of the gas
trointestinal tract from 82% w/w of the small intestinal 
contents to 71 % w/w in the colon in rats, and from 74 to 67% 
w/w along the same segments in mice. The decreasing water 
content was observed visually as an increase in the viscosity 
of the gastrointestinal contents. 

In Figures 3 and 4, the most striking observation was the 
very low levels of fluid present along the gastrointestinal 
tract, the total mass of water in the mouse gut being less than 
I mL (0.98 ± 0.4 mL fed, 0.81 ± 1.3 mL fasted). In experi
ments where mice are orally dosed with solid or semi-solid 
drug delivery systems, the latter may not come into contact 
with enough fluid to disperse and/or dissolve. The rat seems a 
more appropriate model for the dissolution of drug delivery 
systems, which require contact with sufficient water. The 
larger water content in the fed rat (7 .8± 1.5mL), compared 
with the fasted rat (3 .2± 1.8 mL) suggests that if a dosage 
form is being investigated in the rat model, it may be benefi
cial to deliver it in the fed state, although interactions of food 
with drug or with dosage form may mean that this is not 
appropriate in all circumstances. 

To compare with human data, the mass of rodent intesti
nal contents with respect to total body mass has been calcu
lated. In man , the total large intestinal (colonic and caecal) 
water content post-mortem was found to average 187 g, or 
2.6 g kg- 1 body mass assuming a 70-kg body weight. For an 
average rat (175 g), the average (fed and fasted) colonic 
water content was 7.14 g kg - I or 16.9 g kg - I when the cae
cum was included. For an average (fed and fasted) mouse, 
the values were 7.8 g water kg- 1 body weight and 16.3 g kg- 1 

when the caecal contents were counted. In man, the small 
intestine has been reported to contain a total of 206 g water 
or 3.8 g kf 1 (Gotch et al 1957). This compared with 11.1 g 
water kg- body weight in the rat small intestine, and 16.5 g 
water kg- 1 body weight in the mouse small intestine. The 
same authors found 118 g water in the stomach or 2.2 g 
water kg- 1 body weight. In our study, the corresponding 
values were 3.2g kg- 1 in rats and 8.5g water kg- 1 body 
weight in mice. Thus, when the values were normalized to 
take into account total body mass, more water per kg body 

weight was found in the gastrointestinal tracts of the mouse 
and the rat than in man. 

Interestingly, although the total water content reported 
in the small and large intestine in man was high (206 g 
(Gotch 1957) and 187 g, respectively (Cummings et al 1990)), 
Schiller eta! (2005), using magnetic reasonance imaging, 
measured a median free fluid volume of I 05 ± 72 mL (fasted) 
and 54±41 mL (fed) in the small intestine, and 13± 12mL 
(fasted) and II ± 26 mL (fed) in the colon. These values 
indicated that most of the gut water was in the bound state. 
This suggested that only a proportion of the water content 
was available for drug or dosage form dissolution, and the 
same is likely to be true of the water content in the animal 
models discussed. 

The volume of the mouse and rat stomach 

Drug or vaccine formulations are often given to experimental 
animals by oral gavage. Consequently, the volume of the 
stomach is considered an important parameter for oral dosing, 
and the results are shown in Table 2. The mouse stomach was 
approximately one-tenth the volume of the rat stomach. 
Wolfensohn & Lloyd (1994) have suggested the upper limit 
for oral dosing in mice to be 20 mL kg- 1

• Thus, for a mouse of 
20 g, the maximum oral dosage volume would be 0.4 mL. For 
rats, the recommended maximum is I 0 mL kg - I; for a 200 g 
rat this would give a dosing volume of 2 mL. These values 
correlate to some degree with the 'comfortably full' volumes 
shown in Table 2, despite the fact that post-mortem results 
would be likely to differ from an in-vivo situation, since 
elasticity and responsiveness of gastric tissue to pressure may 
be altered. 

Quantification of lymphoid tissue along the 
gastrointestinal tract of the mouse and rat 

The lymphoid tissue along the gastrointestinal tract can be cat
egorized broadly into, firstly, individual lymphoid follicles, 
which are seen as raised white areas, and secondly into patches, 
which are collections of individual follicles . In the small intes
tine these are referred to as Peyer's patches. No lymphoid tis
sue was observed in the stomach. However, significant 
amounts of lymphoid tissue were observed in the mouse and rat 
caecum (Table 3 ; Figure SA, B). Thus, we confmned previous 
reports on the presence of lymphoid tissue in mouse caecum 
(Owen eta! 1991) and have reported, for the first time to our 
knowledge, the presence of lymphoid tissue in rat caecum. 

Table 2 Fill volumes of mouse and rat stomach 

I. Comfortably full 
2. S !retched 
3. On the point of 
bursting/could not be 
expanded further 

Volume (mL (s.d.)) 

Mice(n=IO) 

0.37 (0.09) 
0.55 (0.09) 
0.71 (0.11) 

Rats (n= 8) 

3.38 (0.52) 
4.63 (0.44) 
6.63 (0.92) 
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Table 3 Quantification of lymphoid tissue in the intestinal tract of Balblc mice and Wistar rats. The mean and (range) values are shown 

Mouse (n =IS) Rat (n= IO) 

Small intestine Caecum Colon Small Intestine Caecum Colon 

Mean length (range) 34.5 (29-39) 11.5(9-14) 82.8(70--97) 13.9(12-18) Mean number of patches (range) 10.1 (3-15) 1.4(1-5) 11.6(7-15) 9.4(7-15) 1.2(1-2) 3.8(2-11) Mean number patches cm- 1 0.3 0.8 0.33 0.3 Mean number of follicles (range) 57.5 (22-80) 18. I (9--26) 39.4 ( 18-54) 207.5 ( 142-273) 13.5 (8-26) 38.6 ( 16-83) Mean number follicles per patch 5.7 12.9 3.4 30.6 12 28.5 Mean number follicles cm- 1 1.6 3.4 2.1 3.4 

A 

B 

c 

D 

Figure 5 Lymphoid tissue patches in the (A) caecum of a Balblc mouse (scale bar= I 0 mm), (B) caecum of a Wistar rat (scale bar = I 0 mm), (C) colon of the Balb/c mouse (left proximal; right distal) (scale bar= I 0 mm), (D) colon of the Wistar rat (left proximal ; right distal) (scale bar= I 0 mm). 
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The numbers of Peyer's patches in the mouse and rat small 
intestine (Table 3) were similar to those reported in the litera
ture: 6- 12 Peyer' s patches in mouse small intestine (Abe & 
Ito 1977) and 15 Peyer's patches in the rat small intestine 
(Hillery et al 1994; Florence eta! 1995). The values for the 
number of lymphoid patches in the mouse colon, however, 
are slightly less than a previously reported value of 1.4 
patches cm- 1 (Owen eta! 1991 ). 

Examination of lymphoid tissue density along the gas
trointestinal tract revealed that in rats and mice, Peyer's 
patches were distributed randomly along the sections of the 
small intestine, with no predilection for a particular area 
(P > 0 .05). Examination of the three small intestinal sections 
(roughly duodenum, jejunum and ileum) within each animal 
showed that there were similar numbers of patches and folli
cles per em, in all three sections (data not shown). Similarly, 
there was no difference between the number of patches per 
em in the proximal and distal colon (P > 0 .05), which corre
lated with the random distribution reported in man (Langman 
& Rowland 1986). Photographs illustrating the random distri
bution of patches in the mouse and rat colon are shown in 
Figure 5C, D. 

There were, however, differences between the quantity of 
lymphoid tissue in the small intestine and colon. In mice, the 
number of patches in the small intestine and colon were simi
lar, but the number of individual follicles was much greater in 
the small intestine . However, taking into account the lengths 
of the respective sections, there were actually more follicles 
and patches per em in the colon (P < 0.05). In rats, there were 
significantly more patches and follicles in the small intestine, 
relative to the colon . Taking into account the large differ
ences in intestinal tract length in the rat, similar numbers of 
patches per em were seen between small intestine and colon 
(P < 0.05), and more follicles were found per em in the colon 
(?<0.05). Mouse colonic lymphoid patches tended to be 
smaller, containing fewer follicles than small intestinal ones. 
In contrast, rat lymphoid patches were of similar size in both 
the small and large intestine. The rat lymphoid patches were, 
in general, larger than mouse patches and contained a greater 
number of follicles. The presence of lymphoid tissue in the 
colon of mice and rats confirms that these animals could be 
used in colonic vaccination studies. 

Conclusion 

pH values of the small and large intestinal contents in mice 
and rats were lower than previously reported, and were lower 
than the pH levels in man. This has implications for the use of 
rats and mice in testing of drug formulations, such as pH
responsive drug carriers. The very low levels of fluid present 
in the mouse gastrointestinal tract cautions against the use of 
mice when drug dissolution from an oral dosage form is 
examined. The higher water levels in the rat, especially in the 
fed state, shows that the rat would be a more suitable animal 
model. Colonic lymphoid tissue was quantified and compared 
with small intestinal tissue, in both rats and mice. The signi
ficant quantity of lymphoid tissue in the colon in both animals 
highlights the colon as an immunologically important organ 
and shows that colonic vaccination may be studied in these 

animal models. Finally, the presence of lymphoid tissue in the 
mouse caecum was confirmed and its presence in rat caecum 
has been reported. 
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To: Khan, Elaine@OEHHA; Sasso, Alan; Gibbons, Catherine; Alexeeff, George@OEHHA; Wong, Patty@OEHHA; Ting, David@OEHHA; Hirsch, Allan@OEHHA; Zeise, Lauren@OEHHA 
Subject: PBPK Manuscript 
When: Wednesday, November 26, 2014 12:00 PM-1:00 PM (UTC-08:00) Pacific Time (US & Canada). Where: conference call 

(meeting time is 3:00 pm EST) 

USA Toll-Free: 

Host Code: 

Participant Code: 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Gibbons, Catherine 
Friday, December 04, 2015 7:25PM 
Bohn, Brent 
FW: PBPK manuscript 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca .gov] 
Sent: Friday, December 05, 2014 2:43 PM 
To: Sasso, Alan <Sasso.Aian@epa.gov>; Gibbons, Catherine <Gibbons.Catherine@epa.gov> 
Subject: RE: PBPK manuscript 

Thank you, Alan! 

From: Sasso, Alan [mailto:Sasso.Aian@epa.gov] 
Sent: Friday, December 05, 2014 11:41 AM 
To: Khan, Elaine@OEHHA; Gibbons, Catherine 
Subject: RE: PBPK manuscript 

Hi Elaine, 

I just thought I'd send this to you. This paper just came out yesterday. 

-Alan 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Tuesday, November 25, 2014 2:23 PM 
To: Gibbons, Catherine; Sasso, Alan 
Subject: RE: PBPK manuscript 

Ok, that's perfect. Sorry to keep you guys from starting your Thanksgiving early, but duty calls! I really appreciate you guys accommodating us with this meeting! I'll send call-in info shortly. Happy Thanksgiving! 

From: Gibbons, Catherine [mailto:Gibbons.Catherine@epa.gov] 
Sent: Tuesday, November 25, 2014 11:20 AM 
To: Khan, Elaine@OEHHA; Sasso, Alan 
Subject: RE: PBPK manuscript 

Hi Elaine! 3 pm works for both of us; I can't at noon (EST). I'll be calling in from home but that should work 
fine. Thanks! 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Tuesday, November 25, 2014 2:16 PM 
To: Sasso, Alan 
Cc: Gibbons, Catherine 
Subject: RE: PBPK manuscript 

Hi, Alan. 



Looks like noon or 3:00pm your time would work better for Lauren . Hope one of those times would work for you guys too. If not, we can keep the 1:00pm and I'll follow up with calling info. Sorry for the change up! Thanks! 
Elaine 

From: Sasso, Alan [mailto:Sasso.Aian@epa.gov] 
Sent: Tuesday, November 25, 2014 10:59 AM 
To: Khan, Elaine@OEHHA 
Cc: Gibbons, Catherine 
Subject: RE: PBPK manuscript 

Sure, Catherine and I are free at that time. 

Just let us know the number to call. 

-Alan 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Tuesday, November 25, 2014 1:49 PM 
To: Sasso, Alan 
Cc: Gibbons, Catherine 
Subject: PBPK manuscript 

Hi, Alan. 
The topic of the manuscript you're currently preparing came up in one of my meetings yesterday and some folks here had some questions that I couldn't quite answer. I was wondering if you might have some time tomorrow (if you're even working) to have a short meeting to discuss the paper? If so, how does 1:00 pm your time sound? Please let me know and I'll set it up. Thanks! 
Elaine 

Elaine M. Khan, Ph.D. 
Chief, Water Toxicology Section 
Office of Environmental Health Hazard Assessment 
California Environmental Protection Agency 
MS-128 
P.O. Box 4010 
1001 I Street 
Sacramento, CA 95812 
Tel: (916) 324-1277 
Fax: (916) 327-7320 
Email: elaine.khan@oehha.ca.gov 

Please note: OEHHA is subject to the california Public Records Act. E-mail communications with OEHHA staff are not confidential and may be produced to members of the public upon request. 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Gibbons, Catherine 
Friday, December 04, 2015 7:24PM 
Bohn, Brent 
FW: talk about proposal 

-----Original Appointment----
From: Gibbons, Catherine 
Sent: Monday, April 20, 2015 5:19PM 
To: Elaine.Khan@oehha.ca.gov 
Cc: Zeise, Lauren@OEHHA; Sasso, Alan; Rieth, Susan 
Subject: Accepted : talk about proposal 
When: Tuesday, April 21, 2015 1:00PM-2:00PM (UTC-08:00) Pacific Time (US & Canada). 
Where: phone 

Hi Ela ine, why don't we just use our conference line? 

Thanks, talk to you tomorrow! 



Bohn, Brent 

From: Gibbons, Catherine 
Sent: 
To: 

Friday, December 04, 2015 7:23 PM 
Bohn, Brent 

Subject: FW: SciPinion Survey from SOT 2015 

From: Zeise, Lauren@OEHHA [mailto:Lauren.Zeise@oehha.ca.gov] 
Sent: Tuesday, April 21, 2015 5:01 PM 
To: Gibbons, Catherine <Gibbons.Catherine@epa.gov>; Elaine.Khan@oehha.ca.gov 
Subject: RE: SciPinion Survey from SOT 2015 

Interesting 

From: Gibbons, Catherine [mailto:Gibbons.Catherine@eoa.gov] 
Sent: Tuesday, April 21, 2015 1:58 PM 
To: Khan, Elaine@OEHHA; Zeise, Lauren@OEHHA 
Subject: FW: SciPinion Survey from SOT 2015 

FYI 

From: Jarabek, Annie 
Sent: Tuesday, April 21, 2015 1:35 PM 
To: Flowers, Lynn; Jones, Samantha; Gibbons, Catherine; Sasso, Alan 
Subject: SciPinion Survey from SOT 2015 

Chromium Crew 

Here are the questions that I used to chair the session on Sci Pinion at SOT in San Diego. Rita was a panel member along with Bette Meek and Rick Becker. The MOA presentation for each chemical went per usual with questions I comments after each. The Poll then followed after the "section" (i.e., chemical), followed by some general queries on 
Sci Pin ion. One thing I didn't mention was that BOTH case studies sort of got sent home with lessons learned- definitely wasn't a slam dunk for either. 

In this case I guess after the 2 PBPK and then another after the mutagenic/non-mutagenic. We could ask for general queries on SciPinion too which would reinforce the "we are learning what this tool provides" context. Worth a try? 

Let me know what you decide? 

Annie M. Jarabek 
Senior Toxicologist 
National Center for Environmental Assessment (NCEA) 
Deputy Director 
Human Health Risk Assessment (HHRA) research program 
US EPA 
RTP, NC 27711 
Mobile (Best way to reach me): 919.637.6016 
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Office: 919.541.4847 
Email: jarabek.annie@epa.gov 

Jj Go Green - print this email only if necessary 
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Memorandum 

To: Ambuja Bale, Hui-Min Yang 

From: Julie Stickney, Heather Carlson-Lynch 

Date: July 22, 2009 

Re: Foreign language studies ofn-butanol 

This memorandum is intended to inform EPA of several n-butanol studies published in foreign 
languages so that EPA can consider whether to translate the papers. In addition, SRC would like 
to note that the RTI (1985) oral subchronic rat study provided to SRC is missing data tables. 

A number of foreign language references were identified by tree-searching reference lists during 
preparation of the draft report for n-butanol. Below is a list of acute-duration animal studies 

published in languages other than English, and summaries of subchronic, chronic or 

reproductive/developmental studies that are only available in foreign languages. Because several 
other acute-duration animal studies are available, SRC does not recommend translation of the 
acute studies. Brief information on the acute-duration foreign language studies (based on 
secondary sources) will be added to the report. 

Several of the longer term studies are also oflimited utility. Of the longer term studies, only 
Bariliak et al. (1991) appears to be of adequate quality to consider translation. SRC seeks EPA 
technical direction on the use ofthe foreign language papers shown herein. Pending further 
instruction, SRC will use the summaries provided below (derived from secondary source 
information) in the toxicological review as placeholders. · 

Acute Duration Animal Studies: 

EGOROV, Y.L. (1972) Dependance of dermal toxicity of alcohols on solubility index: 
oil/water. Toksikol. Gig. Prod. Neftekhim Yaros!., 98: 102. 

DUBINA, O.N. & MAKSIMOV, G.G. (1976) [Testing the use of golden hamsters in 
toxicological research.] Gig. Tr. Ohkhr. Zdorov'ya Rab. Neji. Neftekhim. Prom-sti, 9: 100-103 
(in Russian). 



RUMYANSTEV, A.P. , LOBANOVA, l.YA., TIUNOVA, L.V., & CHERNIKOVA, V.V. 
(1979) [Toxicology ofbutyl alcohol.] Khim. Prom.-st. Ser. Toksikol. Sanit. Khim. Plastmass, 2: 
24-26 (in Russian) . 

LENDLE, L. (1928) [Investigations on the speed at which homologous and isomeric 
monovalent alcohols produce narcosis.] Naunyn-Schmiedeberg's Arch. exp. Pathol. Pharmakol., 
129: 85 (in German). 

SAITO, M. (1975) [Studies on the metabolism oflower alcohols.] Nichidai Igaku Zasshi, 34(8-
9): 569-585 (in Japanese) . 

Subchronic, chronic or reproductive/developmental studies: 

BAIKOV, B.K. & KHACHATURYAN, M.Kh. (1973) [Hygienic assessment ofthe reflex 
action on a body of small concentrations ofbutyl alcohol in the atmosphere.] Gig. i Sanit., 12: 7-
11 (in Russian). 

Bariliak, IR; Korkach, VI; Spitkovskaia, LD. (1991) [The embroyotoxic effects ofmonohydric alcohols] (Russian). 22(1):71-75. 

SA VELEY, A.I. , BABANOV, A.G., SKOBEI, N.A., & TROITSKA Y A, I.A. (1975) 
[Adaptation reactions of white rats after prolonged administration of small concentrations of 
butyl alcohol.] In: Zaikina, M.G., ed. [Pathophysiology of the cardiovascular system,] 
Yaroslav, Yaroslav Medical Institute, pp. 59-62, 76-80 (in Russian). 

Seitz, B. ( 1972) [Occurrence of serious vertigo after handling of butanol and isobutanol: three 
cases] (French). Archives Mal ProfMed Trav Secur Soc 33:393-395. 

KOLESNIKOV, P.A. (1975) [Adaptation to butyl alcohol.] Gig i Sanit., (5): 104-105 (in 
Russian). 

RUMY ANSTEY, A.P. , LOBANOVA, J.YA., TIUNOVA, L.V., & CHERNIKOVA, V.V. 
(1979) [Toxicology ofbutyl alcohol.] Khim. Prom.-st. Ser. Toksikol. Sanit. Khim. Plastmass, 2: 24-26 (in Russian). 

Summary of foreign subchronic, chronic or reproductive/developmental studies: 

Seitz ( 1972) (published in French, no abstract, limited translation completed by SRC) described 
several cases ofvertigo in laboratory employees exposed ton-butanol and/or isobutanol vapors. 
A total of seven cases were described briefly; three cases were reported to have exposure ton
butanol and the remainqer to isobutanol. Of the three exposed ton-butanol, two reported no 
symptoms; one was a chemist exposed approximately one-half day per week for one month, and 



the other had been exposed for less than a year (frequency not reported). The third was a 
photographer who was exposed to n-butanol approximately two to three hours per day in a dark 
room over the course of one year. This subject reported stomach symptoms (nausea and 
bloating) as well as vertigo. He was ultimately diagnosed with Meniere's-type vertigo. No other 
information (e.g., exposure levels or follow-up information) was given in the report. 

Bariliak et al.(1991) was published in Russian with an English summary (no study details). A 
detailed summary ofthis reports was provided in the Cosmetic Ingredient Review Expert Panel 
report on n-butanol (McLain, 2008). According to (McLain, 2008), groups 10-16 white rats 
(weighing 160-180 g, strain not specified) were given various alcohols (methanol, ethanol, n
butanol, nonanol, and decanol; purity not given) by gavage (1 mL of 40% solution in water) from 
GD 1 through 15. Without information on the body weights of the pregnant rats, estimating a 
dose associated with the administered solution ofn-butanol is difficult. Assuming a body weight 
of0.250 kg, a dose of about 1600 mg/kg-day would be estimated. However, the estimated dose 
is highly uncertain. Controls (20 rats) were given water alone. At sacrifice on GD 20, the 
numbers of corpora lutea and live and dead fetuses were counted. The review did not discuss 
any maternal evaluations. Toxicological evaluations reported in the secondary source include: 
fertility index (description not provided), number of implantations, percent pre- and 
postimplantation losses, and number of live fetuses. In addition, alcohol dehydrogenase activity 
was measured in livers excised from selected fetuses ( 1-2/litter). According to (McLain, 2008), 
these measurements were performed daily on fetuses from GD 16-21 and on PND 1, 3, and 20; it 
is not clear whether separate groups of animals were used for these assessments. According to 
the review, treatment with n-butanol resulted in significant (p<0.001) increases in the percents of 
pre- and postimplantation losses and in total fetal deaths. A decrease in the fertility index of 
treated animals was reported in the review (6.5% vs. 9.7% in controls; statistical analysis not 
reported). In addition, ADH activity in fetal livers, which was at its highest level on GD 20, was 
reduced 77.6% at this measurement in offspring of dams exposed ton-butanol. No other 
information was provided in the review or in the English summary in the publication. 

Several secondary sources reviewed a group of studies published in Russian, most without 
English abstracts or summaries. Information on study design and findings is available from the 



secondary sources. None of the secondary sources reported details of exposure chambers, vapor 

generation systems, animal strains or sexes tested, number of animals tested per group, presence 

or absence of untreated or sham-treated control groups, toxicological evaluations, or in most 

cases effects associated with specific concentrations. According to the reviews, Baikov and 

Khachaturyan (1973) exposed rats to 0.09 or 21.8 mg/m3 n-butanol (0.03 or 7.1 ppm) 

continuously for 92 days (reviewed by WHO, 1987 and MOE, 2007). WHO (1987) and MOE 

(2007) reported that exposure to 0.09 mg/m3 was without effect. At 21.8 mg/m3 n-butanol, 

effects included decreased RNA and DNA in blood, increased leukocyte luminescence, increased 

diastase activity, decreased catalase activity, and increased transport of n-butanol across the 

blood:tissue barriers in the testis, spleen, and thyroid (WHO, 1987; MOE, 2007). 

Savalev et al. (1975) exposed rats to 218 mg/m3 n-butanol (71 ppm) for five hours/day, six 

days/week, for six months (reviewed by WHO, 1987 and MOE, 2007). Effects noted in the 

treated animals during the first two months included decreased oxygen consumption and delay in 

restoration of normal body temperature after cooling. During the following four months, these 

effects were resolved (Savalev et al. , 1975, as reviewed by WHO, 1987 and MOE, 2007). 

Kolesnikov ( 1975) exposed mice continuously for 30 days to concentrations of 13.6 or 40.01 

mg/m3 (2.1 or 13 ppm) (reviewed by WHO, 1987 and MOE, 2007). Decreased sleeping time 

was reported as the only effect (Kolesnikov, 1975, as reviewed by WHO, 1987). 

Rumyantsev et al. (1979) exposed albino rats and mice to butanol via inhalation at 

concentrations of 0.8, 6.6, or 40 mg/m3 24 hours/day for four months (reviewed by WHO, 1987 

and MOE, 2007). In the English summary, the study authors reported that the low concentration 

(0.8 mg/m3), while "effective," resulted in "no pathological shifts in vital functions ofthe body", 

while concentrations of 6.6 and 40 mg/m3 had "an unfavorable effect on experimental animals". 

The study authors recommended an "ineffective concentration" of 0.1 mg/m3 for 24-hour 

exposure. WHO (1987) reported the following effects oftreatment: "decreased sleeping time ; 

stimulated blood cholinesterase; disturbances of reflexes and neuromuscular sensitivity of the 

nervous system; increased thyroid activity and secretion ofthyroxine; increases in eosinophile 

leukocytes in blood after injection of adreno-corticotrophin (ACTH)". WHO (1987) did not 



specify the concentrations at which these effects were observed; MOE (2007) reported that these 
effects occurred at 40 mg/m3

• 



Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Khan, Elaine@OEHHA <Elaine. Khan@oehha.ca.gov> 
Tuesday, July 23, 2013 4:04PM 
Sasso, Alan 
Automatic reply : PBPK model errata for hexavalent chromium 

I will be out of the office from July 22nd through July 26th. I will respond to email when I return on July 29th. If you need 
immediate assistance, please contact Dr. Patty Wong (patty.wong@oehha.ca.gov). 

Elaine M. Khan, Ph.D., Chief 
Water Toxicology Section 
Office of Environmental Health Hazard Assessment 
California Environmental Protection Agency 
MS-12B 
P.O. Box 4010 
10011 Street 
Sacramento, CA 95812 
Tel : (916) 324-1277 
Fax: (916) 327-7320 
Email : elaine.khan@oehha.ca .gov 
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ThcTyml.u 30(VJI 1913 r. 

""ll .... 71:147.1« KaHARliTY MeA. Hayx B. I( . BtJilld, M . X . X tJI«JJft!!f111H 
JllrMEHH'IECKA,. OUEIIKA P! ... !KTOPIIOI'O Al!lk:TBII,. HA OPrAHII3M MAJIWX ltOHilEHTPAUMR UTH.IIOIOI'O CRHPTA, nocrmA~CM~tEI'O I A~EPHWI 10.1AYX 

.lb:IIOIICS.. 111)''1110-IICC.VJIOUTUI>Cilllil ••Cft!TYT n1'11e11U ... •· •· 3plol••• 
HH31Dife CDHpnl IIMRIOTCll coe,lllllff!IIH.RMM, WHpoXO IICI10JIIISYf!MHIIR II UpOU38()JlCT11e MOIQIIUIX CpeACTII B K3'1eCT8e npMCIJIOK K CM830"1HWY MacJ!aM0 

~oropeareM'IOB, D JJIKOKpiiCOOIRotl, naJI'IliOitlepiiOA, .. pMallOTJR«IIoA I .apyriiX OTpiC.IIRX PpoNWIU.WeHIIOCTII. 6yAY'fll ~ .llftYIIMNR ~R, DIK NOryT pacnpoCTpaHJITitCJI BR)'Tplf npoHSIIO.lC'rlf!HIIW.It DOIIIellleRd H nocrytiiTb B ITMCJC4IepR""' DOO.IlYX BMecte c npoJIWlWieJIHIIIMK Bw6pocftllf. Cpe/{H HH3K03TOMHitiX CDMpTOII, aarpR3HRIOIIUIX IIOSlYI.DliWII 6ecceAR, BK.l· ttoe •IECTO 3aHnMaet IS)'THJIOIII>li cnHpT. BBH.lY BIIICOKOA peaJtiUfOHMOI Clloco6- · IIOCTH ~altona kiK THRH'OIOI'O hpP,ACTIBIITUR cn•p10B, I CMJl088te.IJ1tKO, I 103MOHIHOft ero BbiCOitOA T()I(CMqROCTH MY ROCTUIUIII eaoel Sl,lla'lflt UytiKTII KpiiTICOIIpetolettHoe Aelc:TIHe Ma.IIWX KOIIIleHTpau.Jdl 6)'TR.IIOIOfO CftRp1a e UeJtbiO ytTIHOBMHHII ero MIXCIIIIIIJibiiO p8308oft O~MWIO .lOII)'CT1IMOA .kOMilf!IITplllHM a antoaiJepHOM aos.a.y xe . 
llopor sanaxa 6ynuaoeoro CDRJIT& onPQMea o&llenpHHATbiM Me'IOJIOW (8. A. PR3aHOII H COUT.) aa 18 npakTH'~«ID1 SAopoewx Ha61tto.&aeNYX a 809· patH 01' 18 .ItO 45 Jlet. HlyqeHHe 5 ICOIIIleJtTpaud (or 15 AO 0,9 M8/M~ POKI· SUO, 'ITO MHHHIIIBJlbiiO OU\)'THN8ft KOIIIleHTpllliiR 6}'TIUIOBOfO CDMpTa .lVIII HI· 116oJ!ee qlBCTBIITVIbHbiX .IIHll paBtfl 1,2 Mt/M', a MlltCIPIL'IItHO HeoucyTIIIIIII'-0,9 •fM . HKa~~~t I'OBOpR, noporoaoA no OIUYJ.IlelliiiO sanua RB.IIReteR KOR· Ulrrp8tlMII 6yTIUIOJI8, pu11811 1,2 az/M1• MlaecTHO, qro nopor Olll)'llleHHII sanua Itt cnylllJIT npeAUOM 4*s•onortt· 'leCIIOA BltTIIBROCTII TOKCJf'lfJCICKX BeW,eet'l , no,n,..y orcyrc:1111e 33ft8X8 tllle He CBII,AeTMbCTByeT 0 TOM, -rTO ftOA MHIIRifftl HeOlJlYT1I'UoiX KOIUleHTpaiUIA B Op· 1'811118~1t Re !103RHK8klT pellneKtopHwe JJe'lkUH'II C pelleiiTOpOB Opf3HOII J.)IX3· IRI. ,ltn11 IIX 8blf!Me11MII HCIJO.llb3)'101' p13.11lllflfble Mero»>. Jlopor pt$11eXTOpHotO AeAI:ToKR6YTJf.IIOBOfOCDifPTI HI CBetooyJO lf)'!ICTBIIftJibKOCTb TeMJIOaAIQTitpOBaHHOfO fJIIl31 Ollpel!MIIJICII C IIONOW,bto a.laPTO· ~~erpa NapKn All.M 11a 3 ncnLrTye.~wx s BOSr.acre 24-28 .net, o~ywaawtrx unax 6yrn.1oeoro cnnpta B KonuempauHRX ,1-1 ,2 Mt{M'. Cna'lana y ~x 11B!in10)18eMbiX D Te'C~IIIIe lletKo.tlbKR.X Jllleil JlerHC1'p11p088JIH KpMB)'IO TeNHOBOA .aanraunrr np11 .nwxaiiHII 'lltC't'I>IM D03AYXOM. 3ateu c 15-A no 20-to MHHYTY I BD3Jl)'X .no6aOJTRJIH 6YTR.IIOBYA CRIIpT B M3YII3eMOA KOfllleHTp81lHR. 

7 

'l 
·~ 

~ 

·l 
,J 
"1 

,j:. 
" , 

... 

j 
)I. 
.~ 

· .. ;~ 

j 
1 
J 
' 



. 
. ~11. 

I ..: 
1 

t 
' 

i· 
' 

... , 
il'· 
~ : 
} 
t 
F 
' 

r r 
~( 
:r: 

Pe3yJthTa11ol rtMIIOBOft u.anuuHM rJTasa, HSyqaer.1oA y ua6JTJOAaeNOI T. 5 . , npl'.:.ttT81Meftbl 111 pltC. t. 5yTHJIOBYA cnnpT o KonueJITfHIUllll 1,2 JU/14
1 

l!lle'l' It 311~1eJ1JieN1fiO TeNMO'BOil 8:\8DTBUIJJ1, no KOHU3 o{ic.llei\OD<IIIIIR Cllt'T08 .. 'I}'BCTB11Tt'.1bHOCTb Haturoro Hlll1<e, 'lfM B ctx>••oot.IX onYTllX . Kmtltl"HTfl&l.lHR 6yTJ1,10flOrO Cnl1pT3, p8DRll!l 0,9 ~~/142, Ill' Dh13YII3C'f 3lU.K'TIIl~X n :•Ml"lleHHA Kpnoon te~moool\ 8.'1311TaU1111. AtiMornqnwe Jle3')'JII>TaTI• 3:1Jlt'rliCTflllllOOIIBY H y 2 n.pyrnx H86JTJO.aaeJo1biX. Kpo~te roro, A/Ill aYIIBJIL'HJUJ aeAcniJUI 111 opraHn3•1 q-6ceucopHYX, no 0\ll)"UleHIIIO 38011X8, KOHUeiiTpaUHI tiyTIUIOIIOTO cnupT8 Will Jt3')''111.ftll CKpwroe lpellll yc.10BMope41.1reKTOPHOft.llmrm.otbltOA peaKa.nn na cr..eT. B. B. 3BKycoa. c. H. ropWKOB, E. J.i. Soho II .ap. )IOXI9BJIH, 'ITO CKpbm>l' 8(1~111 ,llBitrA· Tl'.1bHOA peaKilllll Nellllftell D ~YJihTSTe B03Aeften\JIII HI opraiiH3~1 ~t~apM8KOJIOfllqecJUIX 11 'rOKCil'lec1U1X aew.ecTtl, ~KTOpOO BHL'IUllei\ cpeJlW, npn naT0110f11· 
~ 

qecKIIX COCTOfJHllllll tJ.eR• 'll 4(J(JG00 
T paJJbiiOft Hl'(lBIIOU CMCTe-~ 3101011 
MY. )'CTllllOO.'Il'IIO, qTO !l'fl ~ 
pea11UIIII RIIJIReTCII nottUI• ( JlafMIJ 
ren~t na6n.'!bnncTn nen· ~ 110011/ 
Tp8Jibll01\ tletJBifOft CIIC'teMbl. 

t
i :: ,../~!J "';;;t ,.,-~ - / ... J-::~ , .... ,_. 

_,.,. 
C• •' ~ ~~ n~.,.,., , --

,_. I l 8UIJIJ6 ,/ IH I~-· I 4/JIJOI ;! 
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Pllr.f I 
Puc.2 

PIK. 1. t<;p11a .. ta~IIOIOA qanftiQ.Id r.raaa ·y ~IQII-11 T . 5 . (/) " te ltnttuetrHe naa a.1111111- nii(ICIII 8)"fliJIOtiOI'O CIIIIPft I X081U!InPnD .. J: 1,2 M/M
1 

(2) " 0,9 Jf.•/r (J). PIK. 2. 811WIIIIIte IIL'IWlt IIO"Uell'flliiURII 6)'TIIll080f0 tlllfliTll Ill tllpbiTOt ar~Nft ycJICI81IOII'+ .nenopHOII 1811ratU1ollllll pea11Wlll HI C:lleT y liAGIIIQI.'IeUCK"O J-t. n . I - .. wc,wl HiAJI: J - o•IIH'I'r•u."• 6YTWtoROro e""Pf* 2.5 .-../M': 3 - aoan~tt.nTr~••• Gyr ... ...,. 
N ~nopfl 1,5 JUJ•'' f - ......... HfPIWIO tlyro.'IOIOM> cnopu 0,7 .••/111

1
; S- •onae•fi>.~IIIIO llyre••· ..,... ........ 0.& •11-•'· 

liCCJit>JlotlllUit n~o RaMn no NerOAliKe .M. X. XaqaTYP"" 11 coaBf, '! 3 Ha611JO.IaeMIIIX (P. 1(., H. n. H c. B.) • .11)111 KOTOpbiX nopor OUI.)'Ulelld 38Uillll 6yTH.IIOeOI'O tnJipTII tOOTaeTCTBtJIHO paatH 2,5, l ,5 H 1,2 MZ/~1

• CKpwroe apet.UI .IBIItaTellbHOA peaKilRII, 3aperHCTpnpoaanHoc y HaCSl!DAaer.roro H. n.. npttou.eno HI puc. 2. BymnoebiA cnnpT B KOimetrrpaWlll 2,5 II 1,5 Mt/M1 npiiiiOAIIT K yeeJIH'IeHHIO 3'fOrD Bpeltellll, 8 I<OIIUeJJTp3IUIR 0, 7 JU/.'41 oU3YBM!l' ADYXt11&3Hoe AeflcnHe. AHanorH'IHt.ae pe3YJib'taTbl P-4!HKtRpo81Hbl y Ha6ntoJ1aeNoro C. B. CTaTHtTK'H!CKI!t oOpaOoTKa no.~yqetlllbll ABHHblX d0Jt833.'18, 'ITO 6)'TII.ft0Bb1A tnllpT D KOHUeJtTpBUllll 0,7 AIZ/M
2 

llfliii!OAJIT K JlOCTOBepHbiM CABKtiN CKpblTOro &peMellll peaKilltll; KOIIUetlTflBllllll 0,5 Me/a' OU3&n8Cb Hl',AeicTBytollleft. Y HBISJUOAieNOA K. P. (nopor OUlYl11tllllll 3anaxa 2,5 14t/A1
1

) 6pnnoawl tRHpl tl 1(01Ule11Tp81U4H 0,7 AIZfAI' Ht Bb13WDaJI CT3TJICTII'IKIIII 1\0CTODepRWlt 
TaKUM otip8301o1, cl<pYTOe opet.tJI ycnoenope41J!enopnoft pcnKUJIII !5oMe 

c.unroa. 

qySCTBIITeJibliO II ,lleftCTBIIIO H113KKX KOIIUell1p3Uilfl 6ytiiJI060f0 COIIpTa, 'lei CBeTOBa!l qyacTBIITe.1bHOCTb r.'l838; DWIIJI.IIeHO JlCI\tTBlle cy6cenCOfl11Lilt J(OR• ue~npaunl'l 6ytii.10BOro cmtpTa. TaK11e pe3y.llbT3TY noooom1.,11 ..'\)"\13Tb, 'lTO YC.10DHOp.eKTOpHaR peaKUIIfl (5o,nee qyBCTBl!TeJlbll3 K 113Y'IliNIOM}' B09.1el· C1BJIIO, qeM 6e:JyCJIOBHOpeci>JieK"TOp11311 (te,.ntOB311 8J130T3Ullll rnaJO) . 
8 

/t\noro•UIC:JieHIIYe HCt.IH'JlOBIIHHII 11N<:WeA HepBHoA AeJITe.llbHOCTH, npoat,aetllllolle lUI liKIIBOTIIYlt H 'leJtooeKe, CB~bCf'B'JIOT 0 TOM, 'ITO topN03ROA nponl'Cc oo'T~ xpymmn, 'lelt npouecc ROSti)'li(AeKRII. J.byqet~RJO ero nocslltlleaa C.'lt'.1Yl011l311 l:eJllfR HIWHX IJCC.IIe.\OBIIIHA. Y>tu~ n nc-pnNC nw• H3}"U~IIHII nhiCI.IJeA lfepanoA Al'IIT1!AbfiOCTH o JJa6opa· TOflllliX H. n. naBJIOIII B03HHK oonpoc 0 D03MOl«ROCTH oiSpasoBaiiHII yc..oBHI:IX Jlfl4wteKCOD BYCOKOI'O nopll,ll(l, T. e. TI IOfX, KOTOplie awpaCSafYB&IOI'ell npM JJQilKpennennn MHl~Ttloto arerra He tie3yeii0Hbllll, a yc.noem.a~ pUAP•· liRTe'leM. 0K838JJOCb, 'ITO npMCOeAIIIIIIeMWit aretrr He TOJfloKO"He Bbl3biB8Jl )'CIIOBHOA fleDKilHH, cooAcroenltOA pUApal«H1'e.llto nepBOrO nopliJI.U, RO .Ul«e TOp· 110311.'1 ee. nonowy 011 dOJf}"IH.ft Hii:JBilnRe yenoeHoro topM03a. YCJJOOHoe TOP· NDIItCHUe H3}'11aJrOC:b MIIOMJNII lttCJJellOIIaTe.ll!tMH, OJU!IKO HMKfM He 6L&no npU.• npHIIIITO nonwtKH llblpal5otan. ytJ!OBHYI topMO! BS noAnoporoaoro no oUlylllettlflO P13APil«eHHR. 7/t 
8 XO.W .,_.., """"" ...... ._..., ,._ ~~ ~ ' IYA CRetoeOA pa31lpBl«IITeJib, OW3biDIBUmfl ABHf8'TeJII>- 220 """' HflO pea~tUIIIO HaOIIJOJl8e.roro, npHMenRJJCR 10 pas 

2(0 PIC. 3 . li.lNCttenMr qtt'lttc:rn cr.p1o110ro 8f'C!Nrnll Atotrnft.lllottol • 21D peii.Qllll Hit roeT R"A MNIIII-t C.leJIQeOto yC-1101'0 10piiOH ~':.::~·~~~ .. ;.::=-;.~:t:~:,. 't:~:!'1::'""o r;,::::c·~·~~-.;: 0 1,5 ••• rc.•a•~~n .II•Mttnu- ~"Kn•• tt• r-: 1 - Q""Wtlf .. r !',6 tl,111R/H~ 
••611 .. ~0101 &: ' - •• - ... 7 ft-'llll>,llt- .ll(. 

Cft1)'38~111 OT 30 .lO 60 celt. 8 XOJle Bblpal5oTKH )'CJI081foro TOplll038 CaeTOIOMy paApaMCuTe.nlO npeJt.wec:TBOaa.llo 10-c:eecyiiJlJioe Aelk:TBKe aenaxa npR nayJe III!IICAY pn!tpRl«HTeJJIIYN, paa110A I ceK. B OCTUI>IIOM eoxpeHI.IIIIQ )'C.IIOltHfl, JJNeDWite MeCTO D npl'.AWII)'IIlelt cepHII 'JCCRepHMeiiTII. npa liO.I,KJIJOIIeHHII rasa aonOJJKIITe.1bJJon IIHCTpy~euxn Ha6JIJCWteNWil He IIOII)"IM. Htt.lll'ACJB8HRll npoeeaeHw na 3 Ha6.rna/taeNblx ()1(., 6. " H.); nopor sanaxa 6yra.110110ro CfiRpTa 6M11 COOTBI!Tetaeuno paoeH I, 2, !,5 11 2 •fr. BMpi&Tn )'CJ!oettoro top· 111031 H8'1aJI8Cb C sanaJa t\yTIJIIOOOro CttHpTI B KORUeHTPIIUill 2,5 M'-/M1. 8 XO• ,le BWpa6oTKII YC.'IOOHOI'O TOpM031 Ha61JtoASJIJIQ liCe 3 IJUeCTHWL' cptabl - IHL'IIJ· 11ee ropuo~~teuHe, OTC)'TCTBHe JleAc:fBHR npH6aiiO'IHOrO arewra H +a3a )'C.ROBROro top~JO>KeHIIII. JofX Dblpal«eHHOCTb 'f p83HYX HC:nvt)'eNitlll 6wJJa fi@OAJtHil• 110110ft 11 38DIIC:e.'l8 OT OTHOCHTt'.'lbHOft C:HJJbl RpJI&liiO'IniOro 8reJn'l. • CpWteC CKpbrroe Bp61R )'C.IIODiloA A11MriTL'JlbROA pe&KUHH H ee .K:JUelfeRHe I'IOA BJIIIIIHIII!M )'CJIOBHOl'O TOpN030 p13HOA 111111!K:HDHOCTH ROKI33Hbl Ba pNC. 3. SyTWnoawlt cnnpt a KOHUeHYpaunn 2,5 H l ,5 Ma/M' oaaan ttaTHC:TII'I«KM AOCTOOepnoe toplJ03HOC AeftCTDMe tta )'CJIOBDbiA Allll'll1eJibHid pel!.lte1<c. KoHIll'IITpiUIUJ O~'Tnnouoro cnnpTa, paana11 0,7 Ma/r, He BY3WIIa"a AOC10BepHoro ftiJINOOHOro .'leikTBHR. TaK11a1 o6puoN, 118M YJliiiOCb y 2 Ha6mo.llai!Nwx auRBHTb .teftcnme tSytHJtoaoro cnnpT8 Ha ypoaae nopora sanaxa, a y I RaiSJJtOAa· eMOA (H.)- o llOAJJOpOI'Ofl()ft no OOlYUleRIIIO unaxa KOHUettTpiUHH . flocJieattll~l ,.&ROM R8WeA pa6arW IIBfiJI()Ch 113)"1eRHe JtelknHR M&.ntX XOJflleHTpaUHA 6~'THJI080ro CRRpta R8 !Ml'I<TpH'If.CK)'IO aXTRBHOCTb Kopbl 1'0-IOBJfOro ~IO:lra. HcnOIIb30DaH MeTOA IIS:IRNOAekmJUJ )'(JIOBHOro H 6e3yc.noa· 1101'0 pnlpB>KIJTCJ!cA (A\. X. XattaTypnH H B. M. CtfllKKHH}. 3tn IICCJIL'JIOBa· Tl'.llll, a TSKJ«e <J). H. ,ny6pOOCIUIII " coaOT., 0. E. fop.11ooa nOK83811R, \ITO .ll'llctBIIe no;tnoporOBbiX no Olll)'lll,eHIIJO 38R8lll KOHUetl'rp8WtA rasa Jlyqwe IIWRBIIIII!Ttn o TeMertHON 11 saTWJOlltlOI\f oteeAeHIIftX. Kpo~~tt roro, JlaHttble CJ. ~- .n)·Cipo&CI<Oii II COOB1'. , a T8K>Ke 0. E. rop.itOBOA, CBHJlt1'eJibCTDOII3JlH o npe""'yw.ecrne apotlnon perncrpaunn peaKUHII Ka eaeroeoA paJ,npal«IITe.Rb. ~ 6J.JJIO IICd011b30DliHO lllliH D IICCJie,.'IOBRHHH 3 Ha6nJOASeMbiX 8 D03p8· ere 18-28 ni!T' . Bo npe~n o6c.lll'JlOB&IIIli'l OliN c 33KpYtbl~ll rJJa3BMH nonyne· IICBJII! 0 Kpet.1e B TeliHOit, l!l)'K038fii)'WetiHOft, 31tpi11MpOB811HOii K8)1tpl'. llepe!t mmo"' na6JltOJJ.aea1biX Jl&liOAIIJJCII HIOXaTeJtbHbiA UHJIHHJlP c pacceusaTe· lieN, .. epe:J KOTOpwft RO;l.IUIIICR 'IIIC1blft B03JlYX IUIH ri30BIII CNKb CO CKO· 
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pOCTbiO 25 A 8 Nriii)'TY . Mo~~et~T nepeKJIIO'Iemul nafiniOA&e~lhiMII rre atn)'llti.IICJI. Pernctpaurr11 !lnuecfluorpamrhl K ee auan113 ocywecTDJIRIIIICb KOMnneKOII 
.."PH6opots ~llpMhl .Orion». }'CJIODHhiU 813Jlp8)t(JI'J'C!JieM CJI}"li<IIJIII naphl 6)'1"1· 
JIOBOro cnnpta 8 KottlleRTplllRRX 1,5, , 7, 0,3, 0,2 11 0, I M.•/.lt1 . 8 Kl'leCftle 
l5e3')'CJIOBHoro p33,llpalKIITe.nll IICI'IO.IIb308111 piiTNK'fe<:ltllft coet c 'lacrorol, 
Ot1TIIM311bll0 YCB8HB8eMOft KI>KJU,IM HatMIOABet.lhiM. 

Y 2 Ha6nJOAatMWX MOltiiiO Cwlo IJI'Ne'l'liTb o6pa301lanue ye~~oouoro Pt+ 
lleKca, A8 11 TO • BMJte uecroiKoro nepexoAU!Dlero .aJreRHII. Y ocex HCIIM'J'" 
er.wx )'CJIODHhll pa3API*ItttJI• NeHJUI TecieHHe fie3ycJJ08HOro ~eKca. He
AeA<:TByiOIIlel 80 BCeX CJI}"IIRX OX330Jr8Cb XOIIlleHTpBilHII 6yTMJfODOfO CHIIpTI, paana11 0, I Ml/M1• 

~~ ~ 6 4 ! ·"· Ill 4 I "v '\4 
IIIJ - -.-~ , I _!__.____. I / IIHI ~~1 f--' ~ ~I II 
II 

=r Jl ll. ~-~~~ 2 - --·-···· J .. .18 ,t::-~2 -:>--~.. . c;._-;::-... ..,....., 2'tl"' 
~ ,11 I I 'iJ I 
~u~ ouo~ m ou 100~ ou~un~ 

Pile. 4. lbllOtl!etlllll Mrt!TPM'ItCIIOll 811TIIIIIIGC'I1I xopu roJIOIII!OfO ....,,. y Ai&IQ.'IIIei!Kiro H. n a ll!l# IWJI~M )'CA<*Ioro J1811fte1Ca • Mltl111ft )'CJIOIIIIOtll PBUP~II 11n tlesyc:INIIIIIJID 
peHIUIID. 

Ha •• eGC'Illl« - K011...,.paa.•• &)'Tifao.oro e'"""1 [a .ui•'J; "• ot• ..,._,.., - ,.,.,teo" ... .ttnn-"OCTft ,.,. • .>ellcnn rna II % R ..... yl: I - ~N ,.,., J - _._ I HK, aollnonlt r ... : I-
~.To:;.!.!"ft!.':::;• ~~~,.: • 4 ;.~;:::;•7r.~:::,:: ;':".:..=-.=::· .. c::".-:.,.-: 

. Mtt ftt•·pltT• .._noll fln H MT"''""IIOR (f1 <J6.o"""'·· 
8 Ka'leC'TBe nptutepa Ha piiC. 4 npHir.leHH pe3YJII>TaTW HClC..IIeJlOBU .. na0.'110.'18eNOro H. n. nopor Olll,_,.HR sanaxa 6)'TIIJIOBOro cnap-ra A/Ill Rei'O 

p1Be11 1,2 Mt/M1, 0tnRM3JibH8ll •acrora C&erDBWX NellbiUllllllt- 6 elf. J<IK 
8R:lliO H3 rp.KOB, B llOAt BYp1C5oTKH YCJIOBJIOro pajllleKCa npoli<:XOAIIT 
c.JBRfll B C}'MNBpHOII 3.3f TeMeRHOI o6nacrK (a), cymtapROA 33f 3aTYJ1011110A 
o6JiactH (e) K nall6o.llee awpa~~te~tnwe no .llH&naJoHy 1'3'1'1-pltTNa sathiJIOIIHOI 
o6.1acTH (z). 

8Y80,Ahl 

I . Htent.l088HKR aT~IOCIJrepw BOKpyr XKMH'IecKoro KON&tnan noxaaUII, 
'ITO OHI 3arpR3Hetl8 npO~IIiiWI!eHHWMII BIII(SpocaMR, COAepltt3llliiNH naphl 6y· 
TIIJIOBOI'O c:nMpra. 

2. J.iCCJIUYtl TeMROBYJO 8.1llln81lHIO fJII31, XpoHOp~COMetpniO, sneJI· 
tpll'letX}'IO 3KTIIBliOCTb KOpW roiiOBHOro Joto3ra, NW yCT81108JlJIIt, 'ITO 6)'1'11-"'IIWA 
cnHpT 8 noporoawx If C:}'Ott:Hc:OpMWX KOIIlletiTplllHIIX MeHIIeT Tetltlllte H3)"'eel• 
HYX nOkolm!.IIeA. HeAeAcnrYJOUleA 80 ocex c.II)"'8RX oxasanaca. KOHW!NT~ 
UMR 6ytaRMa. pasnaR 0, I JU/M1• Ol!a yn~epltl.lleRa a Kl'ltc:TBe M&McUNL'IbHol pasoBOA npe.le.'II>RO Jl00)'CTHM0A KOfiUI!BTpiUHH I.SyTJIIIOBOro <:nllpTa B 81MOCttlepH0)1 ao3•yxe. 

Jl n T £ p A T ,. p A. 8 0 II II 0 E. H. Bpea~ll peakUIIH unoeekll . "'· · 19M.-r 0 p II 0 • a o . E. rlll'lleHII'I«IIIII o=Hn !Brp1131!ellllll aTIIOC¢ef'lloro 803.l)'lUI np• npoI1:1110,1C1'111! M30Rpor!IMMI II CpAIIR~JII>IIIll XRp811Tep11C'TAJI8 J.rlicrnJIII .nJIOOIIJIOOOfO II monp~ nu.1oaoro cnnproa itA opranRJw . .n~ttt. 11n11.1. . .1\1 ., 1969.- r o p w" o" C. II . C11pvroe urf)!ll pe+,,eKTopiiUX J>el!Kl(llill IUIIC BAekRIITII"'II IIOIIA33TeJI~ 4>Yllkiii1011Ut.I!Oro rocfOl!Ul '"·pa110ft CIIC'Tell"' . .!lK« . .:IIJI<T . Ill ., 1962.- .n y t5 p o a c 11 a" ~. II. H .. p. B Kn .: /1\aTep.,.,. Pecn~·6.lllk3!1CI! . Hl)'otlfOII 1Wit4Jepe!!ttKII 110 HTOt811 THtRetiM'IeCIIMX HCCJit.I;OB.,IIHft -'n 196&-
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1167 r. C'rnnponn.on.. 19(i9, c. 17.- 3 11 It y co 11 B. B. 311cMplllleiiTM~IIWe Nllllllole no tjlnp· 
IIIMDtllll ttctrrp~~.~~~11011 ~~er"noil c~~CTHtW. n .. 1947, c. 7.- P" a a" o • B. A., 8 y w • 
', e • :1 K. /\.. H 0 II .. " (I II 10. B. B liM.: nPQem>IIO Mfl)'t';TJIIIUe IIOHQelffJIIIIIII ll'f· ~~~~·~ :.arr"'~~en•ft . M .• 1957, o. 3. c:. 117.- X a "aT y p" • .M. X.. r y c ~ • .M . H., ropllnl!n O. E. rllr. HCIIR .. I!lf.S,Ht8,c. 101.-XI'IITYPIIII Ill . X •• CTII"' · 1111 B . M. 8 1111 . : Bonpocw rHntc:HW '"~'!Of'O -ayxa 11 uaH1tpoatcM K~CeJ~ei!IIW~ Ef, 11\ ., 10011. c. 34. 

l'loCTyniUUI 27/VJ 1971 r . 

HYGIRNIC ASSESSMENT OP THB REPLBX ACTION ON A BODY OF SMALL 
a>NCENTRATIONS OP BUTYL ALCOHOL IN THE ATMOSPHERE 

B. 1{. &IAII"• M. 1{11. /{,_,.,.,._ 

A study ol the llllht -ltlvlly of ., eye adclptecl to darkntu rew1kd the reflex action of blllyl alcohol at 1 ltwl of Ita Ulftshold value of ~~~~ell. Meawhile tbe conditioned re~x llld thr ~phalographlc n>actlona chln&ed under the action or ...,y CU~~D~mtretlont.. On *basts of l~llptlocu r:lornwd tbi .authon rftUIIIIellclnuatmum sln,te t1111e Jll:fl!lisllbl! c:oncentrallon oJ b11ty alcobol in the almolphml to be at at • lnel ol 0, I in&fm•. 

W'Ait 114.711. 71·171111.111·HI. 

n~. A . H. ~. H.R.~p 

!JIEI(TPO•M3NOJIOfM'fECI(HA AHA.IIM3 ,l!ACTIM" HI!I<OTOPWX 
ATMOC.IEPHbll 3Af"P,.3HMTI!Jif.R HA Qf:HTPA.IIWf~ ltEPBHl'IO 

atCTEM)' 
HIICTIITyT ~ft II ll-II}IIMI>HOI fllfiii!IIY .... A. H. c..:.... 

Mw nonYTa.llneb no.AOATH K pemetnno 8onpoca o KPII'ftPRIIX Jte6.tlaronpHn· 
1101'0 BOUeAC'reHII TOKCHCI«:IIMX 81!1Utcr8 Ha lleNTpMbii)'IO ~pBHJIO CRCTal)' 
WI np11uepe MJIOJlYKTOII tiJo'roXIIUH-.e<:IUIX pe8K1UII B ~HOM aouyxe -
0$0Ha II lfiOpMa.ttb,lerqa. ,D,n11 BbiRCIIefllfR 4>YH111lltOR&IIbfiWX CJlBHroll II UI!H· 
1piiii>IIOA HepBHoA CIICTeMe 5KCm!pMMeliT8III>HWX liiiiBOTMHJl llOil 1103AeAcriiHeM 
IYOOKRX H H113KHX KOHUeHTp31liiA fK33UIHHX TOIICII'Ie<:KHlt 8elllecTB &1.11 
1136p1H ~M!TOA H3Y'IeHIUI C}'NIIIpftOA Hextpll'le<:II.OA IICTJIJIIIOCTR pli.U CTpyR
typ ~toora, o6ecneotHB3IOUUIX c:eHCOpllhll OTDeT R8 npKIIeUiellble sanBXOIIHe 
pa3Ap1:11tHTe.'tH (o6oHI!Tellt.R811 nyKOBMU, nNpJI4lopUHaR 1Cop8), II o6pa~B8HMA, 
OC)'.IIleet81111101U.hX JleiKUIIH I,AIInTJIUG-notle,lli!JilleCtcoro Up8Ktep8 (I'JIDQOJ<IIIIJI, 
IIRHAinJIH3, peTMK}'1111pH111 ~plltii.Uift c:t'DO.IIa MOSra), IH8JIII3 peaKUHH nepe
CTpOAKII pi!TIItl B OTDer H8 pHTMif'letKoe CaeroBOe pau.pl)l(eJII!e H 1«'1'0 .. BW3· 
1811HWX noretiiUI8.1108 (aH311R3 XOMJ1.HICC8 Mpiiii'IIIYA OfteT- ~.lleHHIR 
OTpMU8re/lbK8SI BOJIHI- HO:UHIIA otaet). 

8n03.'1ei!TpH'IecKYJO &KTMBIIOCTI> CTPYJt'TYP ro.nonoro MOSra perHeTpHpo
UJIK C RONOIIlbiO 16·KIIIMW!Of0 911eltTp1atiiJelll8norpata tiJKpMY •fa.IIHJieo.. 
3anHcb ... ~BaNHhiX 110TeHUK8JIOII BeliN ua ABYXliJ'IeBOI!I YHMBepCIJI'ItHOU lfiiJlM· xnope •.li.Hsa•. SnHOXY.IIIIPRYIO caero8yJO CTIIMf.IIRilHIO OC)'Dlecr&.IUUIII <:ePKeA 
anepltoAH'IKKRll MJIM pHTNR'It<:KHX XopoTIUilt BCIIYIDeK (911ep11111 BtnYUJKY J,-4 ihc, JlJIItTe.llhHOCTb 38Clle'TI 1,2 Meek.) . · 

cl)op)ta./lb.'ltriiJl A03Hpo!I8.1R no o61uenpwnii'I'OA cxD~e (B. A. PJI31HOa 
H coaBT.) . nOC'l'O.IICTDO MCCJie,llyetlhiX KOJnleHTplllMft KOIITpOJIRpoBallll npH 
~" )teTOAHKII M. B. AneKceeaoll c xpOMOTpOIIOIIOA KIICAOTOA. 03oH noJrf'ISJI n H3 03JI.'IOHHOro IUIC.IIopo,U, HCROJib3Y• OSOHITOp THna 08·1. flocTO
RRCTDO KOHUeRtpaWdl KOIItpOJ!IIpoliSJIR Hefttpan&Hwt&l loAHAIIWN MI!TO)IOM. Ha 47 Kpo.IITKIX nOCT88.11eHO OKOJIO 5()0 OOYTOB. nOC.Ile Ok011'18HMR OOW• 
106 npoBOJ,RJIII UO~rH'IetKHA KORTpOIIb 33 llOIIOll<eRHeY .!llleKTpoJI.OB B Hsyqae)thlx cTpyKTypax uo:Jra. 

H~y11ertHe !KCTpeunoro npHMeHeKHII ciK>PM3111>.AttMAa H oaoHa a onYTax I cepJIII npn IO·ceRynn,Roft lH<Cno3HlUt'H nox83ano, 'ITO o6a aeweena IIW!bllll . 
JOT B 38811CHMOCTH OT KOIIIleHTp8UHH JI.B3 BKA3 pe1KIUIH B UeHTpallblfOA HepB• 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 

Hi, Catherine and Alan. 

Khan, Elaine@OEHHA <Eiaine.Khan@oehha.ca.gov> 
Thursday, August 22, 2013 2:53 PM 
Gibbons, Catherine 
Sasso, Alan 
CA Cr6 MCL 

Fyi, California is releasing a proposed Cr6 MCL (10 ppb) for public comment. 
http://www.cdph .ca.gov/certlic/drinkingwater/Pages/Chromium6.aspx 

Elaine 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Patty, 

Sasso, Alan 
Monday, March 30, 2015 8:52AM 
'Wong, Patty@OEHHA' 
Elaine.Khan@oehha.ca.gov ; Gibbons, Catherine 
copy of SOT poster 
Sasso_SOT2015.pdf 

It was nice meeting you at SOT. Here is a copy of my poster from SOT. 

Sorry I couldn't find anybody else from your office-SOT is very overwhelming. It's become too big. I spend most of my 
time there walking miles between posters and talks. 

The moral of the story of this poster is that you can obtain the same human equivalent dose using a stomach-only 
model, as you do with a whole-body PBPK. I believe whole-body PBPK is overkill for this type of problem, and site
specific absorption rates into each Gl tissue cannot be validated. 

It also shows how high pH individuals may be more susceptible. We don't know the incidence of high stomach pH in the 
population (since it's an invasive test, usually only done when people are having Gl problems). 

-Alan 

Alan F. Sasso, Ph.D. 
Office of Research and Development 
National Center for Environmental Assessment 
U.S. Environmental Protection Agency 
(703)-347-0179 
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&EPA In vivo efficiencies of hexavalent chromium reduction in the gastric 
environments of mice, rats, and humans 

~ www.epa.gov 
Sasso A. F. , Schlosser P.M. 
US EnVJronm~ntal Protection Agency Nah<:Y~al Center for EnVlronmt nl tJl Assessme-nt 

Introduction 

Hexavalent chromium (Cr(VI)} is a known human carcmogen v1a Inhalation, 
but less is known about human risks via Ingestion . Increased incidences of 
neoplasms in the oral cavity of rats and in the small intestine of mice have 
been observed 1n long-term dnnking water bioassays (NTP, 2008) When 
1ngested, Cr(VI) can be reduced to trivalent chromium (Cr(lll)) within the 
gastromtestmal (GI) tract . Cr(lll) is thought to pose little or no carcinogemc 
risk. Understanding Gl tract reduction is Important 1n evaluating the NTP 
cancer find1ngs 1n the context of human health risk assessment. 

Available toxicokinetic models 

[SJ 
Ex vivo 

redu{tion 
model 

n 
Slom.ach ~rovm !l>JI.IOUm lieu"fl 

Cr(VI)-{j~Q-0 
Gastrointestinal tract model 

•Can estimate VI) 
absorpt ion of Cr( d 

•More complex em 
c1atcl intensive 

•Can estimate in vivo 
reduction of Cr(VI) 

•Must make assumptions 
•bout absorption 

Ex v1vo models prediCt reduction under batch conditions. Gl tract models 
Incorporate ex VIVO models mto a dynamic system to est1mate in VIVO Cr(VI) 
reduction 1n the lumen PBPK models estimate absorption and kinetics of 
Cr(VI) and Cr(lll) in the Whole body. The Gl tract model 1n th1s poster 
combines the ex vivo model by Schlosser and Sasso (2014) With the 
stomach compartment of the PBPK model by K1rman et al (2013). 

Toxicity data 
NTP (2008) observed diffuse eprthehal hyperplasia (DEH) and 
adenomas and carcinomas (A+C) in the small intestine of mice. The 
same effects were not observed in rats, although squamous cell 
carcinomas (SCC) were observed 1n the oral mucosa . 
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In vivo stomach reduction and Gl effects 

ReductiOn of Cr(VI) in the stomach is a major source of inter-species differences. 
IneffiCient reduction results in a greater amount of unreduced Cr(VI) persisting 1n 
the small intestinal (SI) compartments (duodenum, jejunum, and ileum) 

Species comparison of in vivo stomach reduction 
• Toxicokinetic models estimate that rats reduce an equivalent daily Cr(VI) dose 

more efficiently than mice (on a basis of% unreduced dose escaping stomach) . 
• At low doses, humans reduce Cr(VI) more efficiently 1n the stomach than rodents, 

pnmanly due to larger stomach size, and lower pH of the human stomach 
• The h1gh efficiency of reduction for humans also leads to a more rapid loss of 

reducing agent at high doses. 

l)) 

~ ~-" 

~ ~~ 
Human (ICM'-dose) 

~ ~ 
~ 
~ .r;;: '! ~ ~Q i: 

~ :: 

_!'..~-·-1------ - ---- -------------

~ 
~ 
"#. j rats (high-dose) -·---~ 

Oral Cr(VI) dose '(mg / kg-d) 

, ,_ 
4 "pH < 3 

Oral Cr(VI ) dose (mg/kg-d) 

Two potential internal dose metrics for Gl tract toxicity are 
1) absorption (mg Cr(VI) absorbed per L small1ntestine t1ssue), and 
2) pyloric flux (mg Cr(VI) escaprng stomach reduction , per L small 
Intestine tissue) Pylonc flux requ1res only a Gl tract model , While 
absorption requires a whole body PBPK model 

Desp~e the relative Simplicity of the Gl tract model, extrapolating NTP (2008) 
small mtesbne tOXICity data from mice to humans (us1ng pyloric flux) 
produces similar results as a whole body PBPK model (using absorption) . 
• The averages of the HEDs estimated by a Gl tract model range from 0.0!>--

0.1 mg/kg-d, depending on response rate and uncertainty factor (Table 1 ). 

• The human equivalent dose (HED) estimated by a PBPK model was 0.06 
m[Ykg-d(Thompson etal., 20t4). 

Table 1 Preliminary dose-response and human extrapolation for 
diffuse epithelial hyperplasia 1n mice (usmg NTP 2008 data) 

Pyloric flux Adj ...... HED HED 
... _ .. 

(lfilllmeiYW .. UF" pyloric flux pHa2.1 ,..., HED 
mWL-.. (MWl-.. too~{lo.,._.. , ... ~ ..... ~. HutMn M"-tlonl --BMDLI 1.3 3 0.43 n12 1 ..... 2 8.7•2 

8MDI.10 2.0 3 088 0.14 2.S.2 84•2 
FemiiO -

30 013 8.~2 4s.-3 4.7•2 
LOAEL 40 10 0.40 n12 13•2 8.7 .. 2 

3 1 3 n1s 42•2 ... 2 
"Uncertainty factors 
1M• mouse intimal dose BMDls •ctusted by UF of 3 to CO'I"'plVe wflh Thompson lit Ill (2014) 
*"ID fa' the t.m ... mous. not amenllble to BMO modeling. LOAElw1s actusted by UF of 3, 10, Wid 30 
to account for LOAElto NOAEL extrapolabon and mtwspeaes Ya"lllbon These UF valuts wereepptled 
for model evatuabon purposes only and do not renect an evalu.rion dthetoX1COklgy data for the moose 

Benchmark dose (BMO): Dose producing a predetermned change in respoose rate of effect 
BMOL: Lower confidence hmit oo the dose at the BMD 
LOAEL: Lowest observed adverse effect level 

Food effects on Cr(VI) reduction 

The pH of human gastnc JUice sp1kes to 6 during meals, and returns to baseline within 
2 hours (Mudie et al ., 2010, Parrott et al , 2009) . Simulations were performed that 
incorporated these pH spikes, as well as changes in gastric empty1ng rate (KLSD) to 
assess the 1mpact on average daily mternal dose ' 

:I 

I . 
~ ~ ~ J 19 J; ).; :~ 

T~ Otr• 

Sim!dati0r1 of diettU)' .rpilre.3 in sto,.acJ. pH 
II was asnum!d thai tlv 3 largeJI drinking 
waJer nrenls we~ as.JOCiaJttd wuh a meaJ 

Table 2. Preliminary human extrapctatioo for 
di1tuse epithelial hyperplasia ln mice 

Pylorio ftuxtUF 

(ftl~(mtil--<11 HED( ... ~ 

pH=2.5 ~~~ pHil ~l 
0.40"' 0 t2 2.0.2 1.8•2 7 2•2 

4.0 
o.1lt a.~2 s.se-J e.2e-3 2s.2 

'UF•10, 11.JFa:JO(forevaluation only; sM TatMe1) 
~ul eon'Starl: GastroP!usr111 model parameters fOf fed hun., 
pH ft: Oyn.mc: t'lunw1 pH (bes.W.e o/2 5, spikes to 8with m.alls) 
KLSO t: Corrstwt low stomach efT1'IYing rate (K.LSD-0 415.1v) 

Model predictions for fed humans have higher uncertainty, and may overestimate the 
human internal dose because: 
• KinetiC model was based on parameters denved from fasted human gastric samples 
• Gastnc ju1ce of humans in the fed state will have higher reducing capacrty 
• Gastric emptying rate decreases during solid meals (Increasing stomach reductiOn) 

However, both the decreased reduction rate and decreased stomach emptying may 
1ncrease Cr(VI) exposure to the stomach ep~hehum . 

Discussion 
• A s1mple 1-<:ompartment Gl tract model predicts HEDs s1milar to those obtained with 

more complex PBPK models for the endpoint of diffuse epithelial hyperplasia 1n mice. 
• Reduction efficiencies predicted by Gl tract models are consistent w~h NTP (2008) 

·Mice are more susceptible than rats to effects in the smallmtestme. 
• Net effect of fed status on Cr(VI) stomach kinetics 1n humans IS unknown 
·Analyses Incorporating population variability and uncertainty of human and rodent 

gastric parameters is the subject of ongoing work. 
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